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Cancer’'s Burden

= 556,900 Americans will die of cancer this year
= 1,372,900 Americans will hear the words “you have cancer...” this year

More Progress is Needed to Reduce Death Rates*
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Molecular Medicine ls Transforming

Discovery/Development/Delivery,
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The war on cancer is entering a new phase
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Molecular Medicine

Is Already in Practice

= Breast cancer:
— HercepTest detects HER?2 to identify 20-30% responders to Herceptin

— Oncotype Dx detects 21 gene profile to guide chemotherapy strategies in
individuals with low (47%), intermediate (32%) and high risk (21%)
of recurrence

- BRCAL1/2 test identifies ~1/500 women with mutation associated with high risk of
breast cancer, triggering frequent surveillance or preventive treatments

= Colorectal cancer: UGT1A test guides dosage adjustment for 10% of
individuals likely to experience toxicity from Camptostar (irinotecan)

= Acute lymphoblastic leukemia: TPMT test guides dosage adjustment for
1/300 individuals likely to experience toxicity from Purinethol
(mercaptopurine)

= Melanoma: pl6 test identifies 44% of individuals with high risk mutation in
melanoma-prone families, triggering frequent disease surveillance
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Nanotechnology

®= The Opportunity:

— Multifunctional structures that can target cancer processes at the
subcellular level

= NCI Approach:
— Investments since 1998 in novel technologies through Unconventional
Innovations Program
— Development of Cancer Nanotechnology Plan

— Launch in 2004 of NCI Alliance for Nanotechnology in Cancer with
$144.3 million commitment, designed to “ignite” nano-product
development and commercialization
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Nanotech Will Enable

Trargeted T herapies

= Problem:
= Current treatments - severe side effects X
= Current treatments kill healthy cells -

= Maintaining effective dose in circulation is
difficult

= Multi-drug resistance often occurs

Core constituent
material

= Solution:
] Ther&;peutic or Biolqgical surface
= Treatments for controlled and sustained imaging peyload  modifier
. @D pDrug A W00, PEG

del |Very @D o8 T TTargeta‘ng moieties
= Drug-delivery systems that combine targeting <> conastennancer

agents with efficacy reporters <X Permeation enhancer
= Tumor-specific “heat-kill” or “light-kill” M. Ferrari, Nature Reviews, March 2005

treatments
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Detection, Treatment, Prevention:

Bench to Bedside

Real-time therapeutic

monitoring
High sensitivity Real-time therapeutic Ultrasensitive
Gene/protein detection monitoring biomarker detection
Target : ..
arge Lead Animal Clinical Early piagnosis Treatment
|dentification & Development|  Studies Trial Detection
Validation P M1aiS
High content Contrast and Multifunctional
cellular assays optical imaging targetgd
agents nanoparticles
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Real-Time Detection of individual Blomolecules

In a Flow Channel

(a) Dual-site binding scheme
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(b) Detection priciple
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Na correlation Correlated signal

Image courtesy of Shuming Nie, Ph.D
A. Agrawal et al., Analytical Chemistry, 2006
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Early Detection

Nanoparticle-based Detection

= Developing platforms with high specificity,
sensitivity, reproducibility (better than ELISA)

= Nanoparticles enable detection sensitivity for
proteins equivalent to PCR for nucleic acids

2 A number of bar-code
' DNA strands for

- avery target DNA

: ! 44— Barcode DNA

Magnetic separation and
subsequent release of
bar-code DNA from the

gold nanoparticle

Probe

Source: Nam, Mirkin et al. JACS 126, 5932 (2004)
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Trargeting with Engineered Antibodys-Fragmen
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Wu and Senter, Nature Biotech. Volume 23, number 9, September, 2005.
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Serial microPET Imaging of 1+4l-labeled Antlbody

Fragments- Effect of Mutations

> Ability to measure level of antigen in vivo

scFv-Fc
Wild type

scFv-Fc
H310A/H4350Q

Next steps: beyond radiolabelling- QDs, magnetic NPs, liposomes, etc.
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Docetaxel-Encapsulated Pegylated PLGA

Nanoparticle-Aptamer Conjugates
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Aptamers are DNA or RNA oligonucleotides that bind to antigen with high
affinity and specificity

Farokhzad et al. PNAS April 18, 2006, vol. 103 no 16, 6315-6320.




Comparative Efficacy Study.
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Organic Nanoparticleswia PRIN; ™
(Particle Replication in Nonwetting: Templaies) i

* 8 inch wafer, canonical posts, each post is
160 nm at top tapered to 200 nm at bottom

to facilitate harvesting;
* Generates 8 mgs / wafer

* Micrographs show nanoparticles on medical
adhesive harvesting layer at 45° angle
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Non-wetting substrate and PFPE mold enable gentle fabrication of organic
materials; rigorous control of shape, size, and chemical structure



“Smart Particles™ for Nanomedicine fy Ad%\ptlng
-

Industry.

~ 10° nm? objects
. , Oligos, Virus Proteins,
* Add “cargos Therapeutics Catalysts

& illigandsll #1,#2,#}
. T y Imaging agents
e cure rea

“solidify”

® Hawest “Smart” Matrix
e Combinatorial j S0nM | inker Groups

Antigens, haptens

OppOI’tU nItIeS or antibodies

“Direct Fabrication and Harvesting of Monodisperse, Shape-Specific Nano-biomaterials™; Rolland, J. P;
Maynor, B. W_; Euliss, L. E_; Exner, A_ E_; Denison, G. M_; DeSimone, J. M. J. Am. Chem. Soc. 2005.




NIH 3T3 Cells

3 micron particles

160 nm particles

-
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0.93 mg-mL-1

Particle Concentrations are in bottom left comers




Small Indium Arsenide-Zinc Selenide Core- Shell

Nanocrystals

(InAs)ZnSe (core)shell QDs emit in NIR and exhibit HD <10 nm
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DHLA-PEG ligand

Zimmer, Bawendi et al. JACS, 2006, 128, 2526-2527
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NIR Fluorescence

QDs coated with DHLA
only- no fluorescence
observed in interstitial fluid
surrounding incision

QDs coated with DHLA-
PEG ligand fluorescence
observed from extravasated
QDs



X-Ray Computed Tomography (€1) Imaging Agent
Based on Bismuth Sulfide PVP Nanoparticlesgs

(BPNPs)

Polymer coated (PVP) NP
prepared as an injectable
CT imaging agent

Excellent stability
High x-ray absorption

b] | ¢ | _ Very long circulating times
i o= (>2 h in vivo)

Safety/efficacy better than
current iodinated imaging
agents

3-4 nm crystal thickness




BPNPs Demonstrate VVascular Enhancement

Before After

Image courtesy of Ralph Weissleder, M.D., Massachusetts General Hospital and Harvard Medical School
O. Rabin, et al., Nature Materials, 2006.



Self-iflluminating Quantum Dot CGonjugates Using
Bioluminscence Resonance Energy Transfer |
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Biolumiscence and Fluorescenceilmaging ofi ..
QD-655 (€CdSe/ZnS) and Luc8 TR

No filter 575-650 filter fluorescence

I::J'S..-'E:LLIDI.I'S_,-"d} g0l X

| and Il are subcutaneous injections and Ill and IV are IM;
| and 111 are conjugate and Il and IV are Luc8



= QD conjugates emit long-wavelength (red to NIR) bioluminescent
light in cells and animals and in deep tissues

= Suitable for multiplexed in vivo imaging

= Self-illuminating QDs have greatly enhanced sensitivity in small
animal imaging relative to existing QDs

= |nvivo S/N of >103 for 5 pmol of conjugate




MRI Detection of Tumor Derived.Cells via

Proteolytic Actuation of Naneparticle Asselilaly;

@ ’*:'E*AP 2
protease

biotin and neutravidin coated Fe,O,

NPs with PEG t Magnetic susceptibility

Nanoassemblies with:

I T2 relaxivity
| Diffusivity

Harris, Bhatia et al. Angew. Chem. Int. Ed.
2006, 45, 3161-3165
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Assembly of Nanomaterials with Amplified
Properties via Interaction with Processes @
Disease |

HT-1080/ No Inhibitor HT-1080/ Inhibitor

Nanoparticle assembly amplifies T2 relaxation over cancer cells
(secrete active MMP-2) relative to cells incubated with MMP inhibitor
Galardin



Multistep Synthesis of a Radiolabeled Imaglng

Probe Using Integrated Microfluidics
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Five-step production of [18F]
FDG PET molecular imaging
probe in a nanoliter-scale
reaction vessel

Tseng, et al. Science, Vol. 310, 16 December 2005.
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http://www.sciencemag.org/content/vol310/issue5755/images/large/310_1793_F1.jpeg

MicroPET/MicroCT Image. of Tumor-Bearing I\/Iouse
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\What Can Be Achieved

NCI's Technology-driven Initiatives:
= Foster new models for funding and conducting research

= Place a premium on collaboration and networking among multiple
disciplines, multiple institutions

= Reshape the academic, government and private sector partnership
= Drive to milestones and deliverables for accountability

Provide the pathway to revolutionize the way we

detect, treat and prevent cancer
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The Future

New Generation of Diagnostics and Therapeutics

NCI Alliance for
Nanntechnnlngy THe Cancern Genome ATLas
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Future Directions

= Technology Development

— Caged pharmaceutical + some signal generator
(material self-emits a signal in response to a delivery or drug effect)
— Systems designed to give more dynamic rather than static data

— Achieving good signal to noise for platforms which can sense hundreds
or thousand of biomolecules

= Clinical Translation
— Multifunctional nanoparticles (targeting, imaging, sensing, therapy)

— Clinical trial design that couples endpoints for targeting and drug
response




ecent Advances and Future Directions In
Cancer Nanotechnology

CNST Nanotechnology Workshop
May 4, 2006
Urbana, lllinois

Linda K. Molnar, Ph.D.
Project Officer, Office of Technology and Industrial Relations
National Cancer Institute

http://nano.cancer.gov
cancer.nano@mail.nih.gov

- A e - - e e - - e i - e



	Recent Advances and Future Directions in Cancer Nanotechnology 
	Cancer’s Burden
	Molecular Medicine Is Transforming Discovery/Development/Delivery
	Molecular Medicine �Is Already in Practice
	Nanotechnology
	Alliance Program Awards
	Nanotech Will Enable �Targeted Therapies
	Detection, Treatment, Prevention: �Bench to Bedside
	Targeting with Engineered Antibody Fragments
	Serial microPET Imaging of 124I-labeled Antibody Fragments- Effect of Mutations
	Docetaxel-Encapsulated Pegylated PLGA Nanoparticle-Aptamer Conjugates
	Comparative Efficacy Study
	Organic  Nanoparticles via PRINT�(Particle Replication in Nonwetting Templates)�
	“Smart Particles” for Nanomedicine by Adapting Emerging Technologies from the Semiconductor Industry
	Size Effects on Particle Uptake
	Small Indium Arsenide-Zinc Selenide Core-Shell Nanocrystals 
	Extravasation Observed by Fluorescence
	X-Ray Computed Tomography (CT) Imaging Agent Based on Bismuth Sulfide PVP Nanoparticles (BPNPs)
	BPNPs Demonstrate Vascular Enhancement of Lungs and Heart and Organ Delineation
	Self-illuminating Quantum Dot Conjugates Using Bioluminscence Resonance Energy Transfer (BRET)
	Biolumiscence and Fluorescence Imaging of �QD-655 (CdSe/ZnS) and Luc8
	Summary
	MRI Detection of Tumor Derived Cells via Proteolytic Actuation of Nanoparticle Assembly
	Assembly of Nanomaterials with Amplified Properties via Interaction with Processes of Disease 
	Multistep Synthesis of a Radiolabeled Imaging Probe Using Integrated Microfluidics
	MicroPET/MicroCT Image of Tumor-Bearing Mouse Injected with [18F] FDG Prepared on a Microfluidic Chip
	What Can Be Achieved
	The Future
	Future Directions	

